Performance Degradation of SOFC
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Degradation in SOFC

* Ongoing steady-state reduction
in power output at constant
operating conditions

e Excluded in current discussion:
— Transient beginning-of-life
performance losses

— Losses from thermal or
power cycling
« Beginning-of-life conditioning is
convoluted with degradation
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Factors Affecting Degradation

Performance degradation
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Key Degradation Mechanisms

Increase Resistance Reduce Activity

e Interconnect Oxidation v" Chromium Cathode Poisoning

e Interfacial Reactions .

|
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Potential Steps in Cr Poisoning of
SOFC Cathodes

FORMATION, TRAH SPORT AHD INTERACTION OF CR. SPECIES DURIHG
SOFC OPERATION: C.ﬂ.TI;!EII]E EH&FIRGHMEHT

INTERCOMMNECTION I

- [ - +———— CATHODE |
ST

44— ELECTRILYTE |

1. CHROMIUM EVAFORATION FROM IC SURFR CE
2. GAS PHASE TRAMSPORT OF CHROM IO o POR
3 CONTACT WITH CA THOLOE SURFACE

4 REACTIOMWITHCATHIDE SURRACE

: DIFFUSION INTO CATHODOE
B: REOUCTION AHD DEFOSMION T CATHODEELE CTROLYTE IMTERFA CE
- DIFFUSIOM INTO ELECTROLYTE BARRIER LAY ER

Source: PNNL



Wit% Cr

Chromium Deposition in SOFC
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GE-PNNL-ANL Joint Project

Objectives

. Determine under what conditions, if any, chromium transport has a
detrimental effect on LSM-based cathodes

. Determine if the Cr transport is predominantly vapor phase and/or
solid state

. Determine nature of Cr compounds formed at interfaces and
correlate Cr observed at interfaces vs. observed performance
degradation (if any)



Experiments — Common Basis and Plan

» Basis and Common Experimental Conditions
— Common cell test vehicle
— InDEC cells, E Brite and/or Au interconnects

— ldentical experimental parameters
— air and fuel flow rate,
— temperature,
— Other test parameters such as current densities etc.

» Degradation tests under realistic stack conditions
— Uncovered E Brite interconnects (GE)
— Au IC, Cr vapor dosing realistic conc. (PNNL)
— Preferentially covered E Brite interconnect flowfields (ANL)

* Analysis
- TEM/SEM/EDS - conc. of Cr at channels and ribs cathode areas

- Auger, XPS, SIMS and Rutherford back scattering (as appropriate) —
on cathode top surface



Assembly of Ceramic Fixture

Au/Ebrite




Assembly of Ceramic Fixture




Long Term Performance Test @ PNNL
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> Observed degradation rate = ~16 mV/1000 hr
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Comparison of “Cr Vapor Dosed”
Sample With Baseline @ PNNL
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Cell Impedance Behavior During Long
Term Tests @ PNNL
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Long Term Performance Test @ GE
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Cell Impedance Behavior During Long
Term Tests @ GE
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Long Term Performance Test @ ANL
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> Observed degradation rate = ~ 1000 mV/1000 hr
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Cell Impedance Behavior During Long
Term Tests @ ANL
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Summary

e |nitial round of testing is under way

—Low degradation rate observed in “Cr vapor dosing”
experiment at PNNL

—Higher degradation observed in Ebrite flow field experiments at
GE and ANL

« 1St round of testing, including post-test analysis, should be
completed by end of calendar year

* Next round of tests will include
—lower temperature (700°C)
—higher current densities (500 mA/cm?2)
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